











1.1 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 ????????? Ca3CoMnO6 . . . . . . . . . . . . . 6
1.3 ????????? LaAlO3/SrTiO3 . . . . . . . . . . . . 9
2 ???? 13
2.1 ??????? (Density Fanctional Theory, DFT) . . . . 14
2.2 ?????? . . . . . . . . . . . . . . . . . . . . . . . . 15
2.2.1 ??????? (GGA) . . . . . . . . . . . . . . . . . . 19
2.3 ???????? . . . . . . . . . . . . . . . . . . . . . . 19
2.3.1 ?????????????? . . . . . . . . . . . . . 20
2.3.2 ?????????? (LCPAO?) . . . . . . . . . . . 21
2.4 Green??? . . . . . . . . . . . . . . . . . . . . . . . . 22
2.5 Berry??? . . . . . . . . . . . . . . . . . . . . . . . . . 23
3 ????????????????? Ca3CoMnO6 ??
????????????? 24
3.1 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.2 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.3 ???????? . . . . . . . . . . . . . . . . . . . . . . 26
3.4 ??????????? . . . . . . . . . . . . . . . . . . 28
3.5 ?????? . . . . . . . . . . . . . . . . . . . . . . . . 31
3.5.1 ???????? . . . . . . . . . . . . . . . . . . . . 32
3.5.2 ???????? . . . . . . . . . . . . . . . . . . . . 32
3.5.3 ????????? . . . . . . . . . . . . . . . . . . . 34
1
3.5.4 ????????????????????? . . . . 34
3.5.5 ????? (Exact enumeration) . . . . . . . . . . . . . 35
3.6 ????????? Ca3CoMnO6 ???? . . . . . . . . 38
4 ????? LaAlO3/SrTiO3 ??????? Rashba?? 39
4.1 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
4.2 ????? . . . . . . . . . . . . . . . . . . . . . . . . . 39
4.3 ???????????? . . . . . . . . . . . . . . . . . 43
4.4 ????? . . . . . . . . . . . . . . . . . . . . . . . . . 44
4.4.1 ??????? . . . . . . . . . . . . . . . . . . . . . . 44
4.4.2 Rashba?? . . . . . . . . . . . . . . . . . . . . . . . . 44









????. ?????????????? CPU???????, ???
??????? (field-effect transistor, FET) ????????. ???
??????, ???, ??????????? MOSFET(metal-oxide-
semiconductor FET)??????. MOSFET????, ???????
?? 2???????????????????????. ? 1? n?













??????. ??, ???????????????????, ??
3
?????, ?? 2 ???????????????. ???????





?, ?????????. RMnO3 (R ????) ??????????
?????, ?????????????????????????
??????????? [2, 4]. ?????, ???????????
??????????????????, Ca3CoMnO6 ???????










???????. ?? Rashba ??????????????????
?????, Spin-FET[7]????????. Spin-FET????,???
???????????????, ????????????????
??? (? 2). n ? MOSFET ??????? 2DEG ????. ???,
??????????????????, ?????????????
?. ?????? SOI ??????????????, ?????/??
4
? SOI?????????????????????????????
??. ????, ??????????????????????, ??
? FET???????????. ??? III-V???????????
?????????? [1],??,??????? LaAlO3/SrTiO3 ???
????,???????? 2DEG??? [8]?????,??????
???????????????????? [9]. ?????, ????















??????. ?????????, ???????????, ????
??????????. ????,?????????????????
??, ???????, ???????, ?? 2???????????
????.
∆P = αB (1)
∆M = tαE (2)
P ?????, B ???, M ???, E ??????. ???????




















(Axial Next-Nearest-Neighbor Ising model) [14]???????????
? XY?????????????????????????.
???????????, TbMnO3, MnWO4, Ni3V2O8, LiCuVO4 ??
???????????????? [15, 16, 17, 18]. ???,?????
??????? Ca3CoMnO6 ????, Lu2MnCoO6 ? Y2CoMnO6 ??
?????????? [5, 19, 20, 21]. Ca3CoMnO6 ?????????
??,??????? ↑↑↓↓???????? [5]. ???????,??
?????, ??????????????????????????.
? 3????? ANNNI??????. (a), (b)???????????
?????,??????? ↑??????, ↑↑↓↓???.
? 3 ???? ANNNI ???. ??????????????????. ???????????
J1,???????????? J2 ???. (a)J1 > 0, J2 < 0. (b)J1 < 0, J2 < 0.
Ca3CoMnO6 ??????? 4 ???. ab ?????, Co ? Mn




?. ?????????,???????, 2K? c???? 90-310µC/m2




??????????????????????????? (? 6). ??
?,????????????, high??? Co???? 0.006 A˚ Mn?
????????? [23]. ???,???? Co2+, Mn4+ ???????
??????, 19934µC/m2 ???. ???, Jahn-Teller???????
??????????, 17700µC/m2 ???????????????
[24].












??????. ?????????????? 0.05-0.06 A˚??????
[24]. ??????,???????????????????????.
Ca3CoMnO6 ??, ????? ab ?? Co-Mn ???????????
?? 4. ????? [24, 23]??????????????????,?
???????????????????????. ????????




?, ??????????. ??????? pure ?????? Berry ?
?????????. ???????????????????,???
????????????????. ???????? 1??????
???, ????????????????????????. ??, ?
??????? ↑↑↓↓ ??????????, ↑↓↑↓ ?????????
?????????????????????. ?????, Green??
????,????????????. ???????????????
?, ?????????????. ????, ????????????
????????.
1.3 ????????? LaAlO3/SrTiO3
Rashba????????????? 1??, 1960?? E.I. Rashba?
???????? [6]. ??????????? (spin-orbit interaction,
SOI) ???????. SOI ??, ?????????????????








σ · (∇V × p) (3)
c ???, σ ????????????. ∇V× p ??????????
???????????????. ?????? V (r)?,??????
??????????, HSO ????? 0 ???. ?????????
??????????, Rashba????????????? [9].
?? Rashba ?????????. 2 ?????????????
(∇V = (0, 0, Ez))????????????. Rashba????????
?????????????.
HR = αR(kxσy − kyσx) (4)





Rashba ???, ????????????????. ???????
?????????, E(k, ↑)=E(-k, ↑) ?????. ??, ??????
???, E(k, ↑)=E(-k, ↓)?????. ?????, E(k, ↑)=E(k, ↓)??
?, ???????????????????????. ???, ???
???????????, E(k, ↑) &= E(k, ↓)???,?????????
??????????. ???,??????????????????
??????????, Rashba??????? [25].
? 1 Rasghaba?????????? Rashba?????




LaAlO3/SrTiO3 ?? 0.02 [9]
??????????????, ????????. ??????, ?
?? 2????????????,???????????. ?????
??????, ?????????????????????????




??????????, 1.2?????? TbMnO3??????? ABO3
??????????????????. ?? Mn ?????????
??????,???????????????????????? [3].
LaAlO3/SrTiO3 ? 2004 ?? Ohtomo ??, ?????? 2DEG ??
? [8] ????????????????????. ??, LaAlO3 ?
SrTiO3 ???????. ???, ????? LaAlO3/SrTiO3 ?????
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SrTiO3 ??? LaAlO3 ?????????, LaAlO3 ? 4 ????
??? [32, 33], ??????? 1.5×1013/cm2 ?? [33] ??????
??. ???, (LaAlO3)n/(SrTiO3)2 (n ≤ 5) ????????????
????, ??? n ?? p ??????, n ≥ 4 ??????, ??
????? 2×1013/cm2 ??????????? [34]. SrTiO3 ???
(LaAlO3)n (n ≤ 5) ?????, ?????????????????,
?????????, n=5 ?????? [35], ??????????,








? SrTiO3 ???? 1:1 ??, n=2-8 ???????. ???????

















????????????????????. ?????????, k ?
???? (4,4,4)?????. ?????? Ca5.0-s2p2d2, Co5.5-s2p2d2,
Mn5.5-s2p2d2, O4.0-s2p2d1 ???. LaAlO3/SrTiO3 ?????, k ?
?????, n ≤ 4 ?? (8, 8, 1), n ≥ 5 ?? (8, 8, 2) ?????. ??
???? La6.0-s3p3d1f1, Al7.0-s3p3d1, Sr10.0-s3p2d1, Ti7.0-s3p3d2,
O5.0-s3p3???.
Ca3CoMnO6 ????????????? Berry?????????
?? [43]. Berry??? k ?????? (2,2,8)???. ???????
??,?????????????????????. ????????
??????????????? magnetic force theorem[44] ????
? Green ???????????. c ??????????? 2 ???
??????,????????????????????.
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DFT????????? 1964?? P.Hohenberg?W. Kohn??? 2
?????????? [45, 46]. ????? Hohenberg-Kohn ????
??.
1. ??????????????, ?? v(r) ??????????
Ψ (r1, · · · , rN)????? n (r)????????????.
2. ?????????? Ev[n(r)]???? n(r)?????????.
(????)
?? 2??????,
Ev[n(r)] = F [n(r)] +
∫
v(r)n(r)dr (5)
???, F [n(r)]?,?????????????? Coulomb?????
??????????????. ?? F [n(r)] ???????????
???, ??????? N ????????????????? (6) ?
????.




















?????? n (r)?????????????? veff ???????
???. ? (6)???????? n(r)???????????????
???????????. Exc[n(r)] ????? (Exchange Correlation)
???????????, ????????????????????
?????? Coulomb ????????????. Exc[n(r)] ????
????? n(r) ??????????. ???, ??????????
?????????????????????, ??????????.








































− µ = 0 (11)































???. ? (14)? n(r)????????????????,? (12)??








= εiδψi(r) + δεiψi(r) (15)
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???. ?????,? (11)?? veff(r)?,? (8)????,





′ + µxc(r)− µ (21)
???. ????, N???????????????, ???????
? veff(r) ? 21 ????????????? (12),(13) ??????
(self-consistent) ????????. n(r) ???????, ??????
17
???? Ev[n(r)]?,? (5),? (6)??,









′ + Exc[n(r)] +
∫
v(r)n (r) dr


















































































1960 ??, ???????????????????, ??????







?, r<rc ??????? φps(r) ??????????? φt(r)????
????????????????????????????????
????. ?????,????????????
1. ??????????? r<rc ???????.










??????????????????????. ?????,?? 2, 3
??,????????,???????????? ε????????
?????????????????, ??????????????


























cµ,iαφiα (r− ri) (25)
??? i??????, α ≡ (plm)????????, φiα ≡ YlmRipl ??
?. ?????? Ylm ?,??????? l ?????? m?????.
?????? Ripl ?, i ? l, ???????? p ?????. OpenMX
21
















n (r1 < r ≤ rc)
h (rc < r)
(26)
???, bn ?, r1? rc ????????,??????????????
?????.
? (25) ?????????????????? Bloch ??????










c(k)σµ,iαφiα (r− ri −Rn) (27)
2.4 Green???













??? [51]. i ? j ????????, εF ?????????????.
Gˆσij ? Kohn-Sham ??????????? 1 ???????? Green
???, Vˆi ????????????????.
2.5 Berry???


















???. Ω??????????, α,??????? Rα ???????
??????????, u(λ)k ?????, K ????????, λ???
???????????, e??????, k? Bloch wave vector???.
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3 ????????????????? Ca3CoMnO6 ???????
????????
3.1 ????
??? Ca3CoMnO6 ? hexagonal symmetry ? K4CdCl6-type ???
???, R3¯c ??????????????? [52]. ???????
? 6 ???? (Z=6) ? 66 ???????. ????? a=9.1314A˚,
c=10.5817A˚[52] ???. ? 8 ? (110) ????????, c ?????
?? 3?? (CoMnO6)2 ?????????. 1???????????
CoO6 ????MnO6 ?????????????. ? 9? ab? ((001)
??)????????. ?????, (CoMnO6)2 ??????????
??????????????.
? 8 (110)?????? Ca3CoMnO6 ?????
? 9 (001)?????? Ca3CoMnO6 ?????
3.2 ????
????????????????? 4096 ?? (=212) ???. ??
????????????????? 3?? Co-Mn-Co-Mn?????
??????, 12 ??????????????. ?????????
??????????? Ca3CoMnO6 ???????????? ↑↑↓↓
24
????????????? [5]. ?????,???? Co-Mn????
??? ↑↑↓↓?????. ? 8, 9????????,???????? 3
??????, ?? 3?? (i)-(iii)??????????. ??????
?????????. ???????????? Co-Mn???????
??. ? 10?, 1????????? 1-4???????????, 3?
???????? (i)-(iii)?? 8, 9?????????????. ? 11
?, 4 ?? ↑↑↓↓ ????????, ???? (A)-(D) ???. ????
1-4?? 10???????????????. ???????????
??????????. ↑↑↓↓ ??????, ????????????
?????????? 4096???? 64?????. ????????







????? Mi (0 ≤ i ≤ 5) ???. ? 12 ? M0 ?????, ? 13 ?
M1 ????????. M0 ??????????????. M1 ????
???????????? [5]. ? 2?, ??????????????
?????????. ?????????? 3.7 meV/f.u.????. ??
? ↑↑↓↓??? 6????????????????,????????
?????????????. ??,??????? 2??????M0
?M1 ?,?? 0.10 meV/f.u.?????????.
? 12 M0 ???? ? 13 M1 ????
?????????????????????????????. 6
?????? (M0-M5) ????, ???? (DOS) ????????
???. ? 14 ???????? M0 ? DOS ??????? (PDOS)
26
? 2 ???????M0 ??????????∆E ??????????. ?????? SOI??
????????????????. (i,ii,iii)??? ↑↑↓↓???????????????????
?. (A)?? (D)?? 11??????????. ???? 32????????,?????????
??????.
???? ??????? (i, ii, iii) ∆E (meV/f.u.) ???? (µC/m2)
M0 (A, B, A), (A, C, D), (D, C, A), 0 1245 (1201)
(B, C, B), (B, D, A), (A, D, B)
M1 (A, C, A), (B, D, B) +0.10 (0.06) 3719 (3588)
M2 (A, A, A), (A, C, C), (C, C, A), +2.76 (2.71) 4316 (4181)
(B, B, B), (B, D, D), (D, D, B)
M3 (A, A, B), (B, C, C), (C, D, A), +2.95 (2.86) 1538 (1488)
(B, B, C), (C, D, D), (D, A, B)
M4 (A, D, C), (C, C, B), (B, A, A), +3.43 (3.43) 1544 (1497)
(B, A, D), (D, D, C), (C, B, B)
M5 (A, D, A), (A, C, B), (B, C, A), +3.69 (3.61) 1227 (1187)
(B, A, B), (B, D, C), (C, D, B)
???. DOS ???????????, ?????????????,
?????? 0.8eV ????. ??, ?????????? Co2+(d7,
S=3/2), Mn4+(d3, S=3/2) ? high ??????, ????????? Co
? 2.56µB, Mn ? 2.68µB ????. ????, ???????????
? [23]?????????,???? 2.64µB, 2.70µB ????.
? 14 ?? Co-Mn ????? O ? PDOS ??????. O(↑↑) ?
Co(↑)-Mn(↑) ?? O ?, O(↑↓) ? Co(↑)-Mn(↓) ?? O ??????.
O(↑↑) ? O(↑↓) ? PDOS ??????, ????????????. ?
?,????????????????,?????? ↑↑↓↓????Mn






??????? (pure electronic polarization)? Berry???????
???. 6???????????????? 2???. ???????
(M0, ? 12) ?????? 1245 µC/m2 ???, ??????? (M1, ?
13)? 3719 µC/m2 ????. 2??????????????????
28
??????.
??????? (M0,? 12)? (A, B, A)???,??????? (M1,
? 13)? (A, C, A)???. ???, ??? 2?????? (ii)????
??????. ????????????, Co(↑)-Mn(↑)? Co(↑)-Mn(↓)
???????????. O ????????? 14 ????????
Co(↑)-Mn(↑) ?? Co(↑)-Mn(↓) ?????. ???????, Co ? ±c
???? O ?????????, ???????????????. ?
???, 3???? ↑↑↑↑??????????, ↑↓↑↓????????
????????????????? 0???.
? 15? Co(↑)-Mn(↑)?????????????????????.
???? 1 ??????????????? µC ???. ? 15(a) ? c
???????????????, ? 15(b) ? c ??????????
????????. ???????????????, ? 16?????
??, Co-Mn???????? 1?????????????????
??????. ???, (A)??????? +c???? 1??????
? (B)???,??????????? +µC ?? −µC ?????.
????????? 3??????, ??????????? 3??
???????? 3µC/Ω???. Ω?????????????. ??
?, 1?????????? 1µC/Ω???. ??????? (M0,? 12)
???????? (M1, ? 13)??????????, ? 17(a)? (b)?




1. ???????????, ?????? 1 ??????????
??????????.
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????????? 8?????????????, ??? 1????
?????? µC??? 3µC?????????. ???, 3×3????
???????, µC ??? 3µC ? 1/9????? (? 18). ??????












↑↑↓↓ ??????????. ???????????, ↑↑↓↓ ?? ↑↓↑↓
??????????????????,??????? ↑↓↑↓????




?????, JCo−Co2 ? Co-Co ??? 2 ????????, J
Mn−Mn
2 ?
Mn-Mn ??? 2 ???????????. ?????? 3 ?????




? 19, ??????, ?????? (Co-Mn), Co-Co ??? 2 ??,
Mn-Mn ??? 2 ??, Co-Co ??? 3 ??, Mn-Mn ??? 3 ??, ?
32






(????? A˚) (2.65) (5.30) (5.30)
AFM(↑↓↑↓) -2.15 -0.08 0.19











???. ? 19 ? 3 ????????????????. ? 4 ????
???. J
′Co−Co
2 ????, ????, ????????????. ??




















(????? A˚) (5.35) (5.56) (5.56) (6.34) (6.34) (6.87)
AFM(↑↓↑↓) -0.03 0.01 -0.43 -0.06 -0.02 -0.02
3.5.3 ?????????
???????????? ↑↑↓↓, ↑↓↑↓ ?????????. ???,
????????????????????????????????,
???????????????????.















J ′Co−Mn1 σiσj −
∑
k<l


















????????????????. ????????? c ????
Co-Mn-Co-Mn ? 4 ???????????????????. ???
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??????, 3????????,??? 12??????????. ?
?????????????? (?.(30) - (32)) ????, ??????
?????? 4096 ?????????????????. ?????
20???, 3???? ↑↓↑↓???????MAF0 ????. ?????
???????????????. ? 21?? 20(a)?? (iii)?????
1 ??????????????. ??????? +3.16 meV/f.u. ??
??????. ?????????????????????????
???.
?????????? ↑↑↓↓????? (M1, ? 13)?????, ??
??? 20?? +3.90 meV/f.u. ??????????. 6??? ↑↑↓↓?
??? (M0-M5) ????????????????????????
????. M1 ?????????-0.28meV/f.u. ?? +1.64meV/f.u. ?
????.
? 22 ??.(30) - (32) ????, 4096 ??????????????
?????????. 4096????????????????????,
187 ????????????. ??? 4096 ???????????
?????????. ??????????????M1 ??????
(3.90meV/f.u.) ????????? 1094 ???????. ? 22 ???




3.5.5 ????? (Exact enumeration)












































kB ????????, T ??????. ? 23??????. ?????
????????????????, Tc = 5.80 K ????. ?????










































3.6 ????????? Ca3CoMnO6 ????
???? Ca3CoMnO6 ??????????????, ??????
??????????????????????????. ?????
????????, O???????? ↑↑? ↑↓??????????
???, ????????????????????. ???????
????? ↑↑↓↓?????,????????????? ferro electric








??????????. ??,????????????????? Tc =
5.80 K??????. ??? (16.5K)??????????????.
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4 ????? LaAlO3/SrTiO3 ??????? Rashba??
4.1 ????
? 24 ?????? (LaAlO3)2/(SrTiO3)2 ???????. ????
SrTiO3 ??????, ???????? SrTiO3 ????????
a=b=3.905 A˚[54] ???. ?????????????????, c ?
????????????????, ???????????????
???????????? [55]. ????, c????????????
??????????????????. n = 2????, c = 14.9445 A˚
, n = 4????, c = 29.8890 A˚, n = 6????, c = 44.8334 A˚????
?. ????????,??? 5 A˚????????. ????????,
??????? (effective screening medium , ESM)??????. ??
????????????????????????????????
?????????????? [37, 56, 57]. ??????, ?????
???? 2????????????, ?????? 1???????





?? [34, 58]. Γ???? electron pocket????,?????? LaO?
???? TiO2????? Ti? d?????. M?????, hole pocket
????,?????? SrO????? AlO2 ????? O? p???
??. ???????, ?????? TiO2 ??? electron doping, AlO2
??? hole doping??????. ???? (LaAlO3)n /SrTiO3 (n ≥4)?
39
? 24 (LaAlO3)2/(SrTiO3)2 ?????. ??? SrO? LaO??, n????????.
???????????? [32].





????????????? [25]. ER ? SOI??? (Rashba
?????), ∆k0 ? k??????????????? (Rashba???
??)??? (? 27). Γ???????,??? ∆k0 ? ER ?????.8
× 10−4 A˚−1 and 2.6 × 10−3 meV???. αR ? 17.9 meV · A˚????.
????? (LaAlO3)2/(SrTiO3)2???????????????, αR
? 12.6 meV · A˚????. ???????????????? 0.1 A˚?
???????. ????????????? 369 meV A˚−1 ????
?,????????, 72 meV A˚−1 ?????. ??????,????
?????? [59]???????. ?????????, shallow core?
???? Ti3s? PDOS????????????????????,?
??? E = ∆Es∆z ???????. ∆Es ???????, ∆z ?????
????. ??????????????????????, Rashba ?
? αR ?????. ???????? (LaAlO3)n/(SrTiO3)n (n=4-6) ??
40
??? αR???????, 1meV · A˚?????????. ??????
???, (n ≥6)??????? (? 29, 30, 31, 32).








































????????????? 33???. ???????? 0.20eV?
???. ????????????, (LaAlO3)2/(SrTiO3)2 ??????
???????. ????,????????????????????





















































? 32 (LaAlO3)8/(SrTiO3)8 ???????????
????????????, M??????????????????
??. ???, AiO2 ??? O???????. ?????,???? SrO
????? AlO2 ?????????. ????????????.
∆k0 ????????????????,???????. ?????
???? Spin-FET??????????? [7]. ??????????
?? L = 2pi∆k0 ??????????. ?????? (LaAlO3)2/(SrTiO3)2


























? 34 (LaAlO3)4/(SrTiO3)4 ???? (ESM)?????
? 28 ? M ???????????????. ????? M ???
????????, ∆k0=1.2× 10−3 A˚−1 ?, Γ ???????????.





? 35? (LaAlO3)6/(SrTiO3)6 ??????????????????
?? hole pocket???? electron pocket??????????????
??. z ?????????,?? 0????. ? 35(a)? (b)? electron
pocket ??????. ? 35(a) ? (b) ???????????????
?. ????????????????. ????, 90 %???????
?? LaO????? TiO2 ????? Ti????????????.
??????????? (? 35(a)) ?????????, ?????
?????? (? 35(b)) ?????????????. ???????
????? Rashba ?????????? HR = αR(kxσy − kyσx) ??
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????, αR > 0 ?????. ???, ???????????? c ?
??????. ??? LaO??? TiO2 ??????????????.
? 35(c)? (d)? hole pocket?????????????????. ?
35(c) ? (d) ????????????????. ????????, 60
%? SrO????? AlO2 ????? O???????. ??????
???? O??????. ??????????? (? 35(c))????
????,??????????? (? 35(d))????????????
??. Rashba???????????? αR < 0????, c?????
????????. ??? SrO ??? TiO2 ????????????
???????.
4.4 ?????





? 36??????????????????. ???????? (SL
? n=6, ESM? n=4)????????????. ??????????
????????. ???????????, 4.2× 1012, 4.5 × 1012 /cm2
????. ????, 5×1013-2×1014/cm2 ?? [30, 31]?,??????.
4.4.2 Rashba??
? 37 ? ∆k0 ??????????. ??, ? 38 ? Rashba ????




? 35 (LaAlO3)6/(SrTiO3)6 ??????????????????
?????.
????? 2 ?????????????, 1 ?????? Shallow
core???????????. ?? 1???????,???? DOS?
???,????????????????? (? 40). ???,????



















? 36 ?????????????. SL??????????????, ESM?????????









































4.5 ????? (LaAlO3)n/(SrTiO3)n ????
????? LaAlO3/SrTiO3 ???????????. ???????
? n ≥2, ????????? n ≥6, ESM ????? n ≥4 ?????






































? 40 (LaAlO3)4/(SrTiO3)4 ???????????????? PDOS.????????????
???????????????????. STO-1????? SrTiO3 ???????.
48
5 ???
????, ???????????????, (i) ?????????
Ca3CoMnO6 ?????????????????? (ii)LaAlO3/SrTiO3
??????? Rashba ?????????. (i) ??????????
?, ??????????????????????????????.






???. (ii)LaAlO3/SrTiO3 ??????? Rashba????, 8????
????????????????, Rashba????????????
????????. ????????,???????????????
????, spin-FET?????? 1?????????. ??,????
?????????????????, Rashba???????????
?????????. ????????????,??????????
???. ?????, ????????????????, ??????
?????????.
????????????????, ??????????????









?????, ?????????. ???????, ?????????
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